AmpC hyperproduction (13/225; 5.8%), or a combination of both bla CTX-M and pAmpC 4 2 carriage (4/225; 1.8%). Forty-four sequence types (STs) were identified with ST131 4 3 representing 101/225 (45.0%) of sequenced isolates, within which the bla CTX-M-15 -positive 4 4 clade C2 was dominant (54/101; 53.5%). Ciprofloxacin-resistance (CIP-R) was observed in 4 5 128/225 (56.9%) of sequenced CTX-R isolates -predominantly associated with 4 6 fluoroquinolone-resistant clones ST131 and ST1193. 4 7 Conclusions: Most Ceph-R urinary E. colis were CTX-R, predominantly caused by bla CTX-M 4 8 carriage. There was a clear correlation between CTX-R and CIP-R, largely attributable to the 4 9
Escherichia coli that are resistant to β -lactam antibiotics, particularly to cephalosporins, 7 3 represent a major global public health concern. Third-generation cephalosporins (3GCs), 7 4 such as cefotaxime, are used across the world to treat infections caused by E. coli (e.g. 7 5 Table S1 . 1 3 0 WGS and analyses 1 3 1 WGS was performed by MicrobesNG (https://microbesng.uk/) on a HiSeq 2500 instrument 1 3 2 (Illumina, San Diego, CA, USA) using 2x250 bp paired end reads. Reads were trimmed 1 3 3 using Trimmomatic, 21 assembled into contigs using SPAdes 22 3.13.0 1 3 4 (http://cab.spbu.ru/software/spades/) and contigs were annotated using Prokka. 23 1 3 5
Resistance genes, plasmid replicon types, sequence types and fim types were assigned 1 3 6 using the ResFinder, 24 PlasmidFinder, 25 MLST 26 2.0 and FimTyper on the Center for 1 3 7
Genomic Epidemiology (http://www.genomicepidemiology.org/) platform. 1 3 8 ST131 clades were identified by resistance gene carriage and fimH type, and in the case of 1 3 9 clade C1-M27, by the presence of the prophage region M27PP1 (CP006632) 16 through 1 4 0 sequence alignment using progressive Mauve alignment software. 27 1 4 1 MLST and resistance gene data were analysed to produce a minimum spanning tree using 1 4 2 Bionumerics software v7.6 (Applied Maths, Sint-Martens-Latem, Belgium). 1 4 3
Plasmid pUB_DHA-1 was sequenced to closure and submitted to GenBank with accession 1 4 4 number MK048477. Reads were mapped using Geneious Prime 2019.1.3 1 4 5 (https://www.geneious.com). 1 4 6
Plasmid Transformation 1 4 7
Transformation of plasmid extractions from isolates encoding mcr-1 and bla OXA-244 were 1 4 8 remaining GOIs were found to be located within a relatively diverse range of plasmids and 2 4 0 across multiple STs. Interestingly all six DHA-1-harbouring isolates were found to harbour a 2 4 1 similar IncI1 plasmid which was sequenced to closure during this study, pUB_DHA-1. Read 2 4 2 mapping analyses showed that all six isolates exhibited 95-100% coverage and 98-100% 2 4 3 identity against pUB_DHA-1.
4 4
Other important resistance genes found by WGS 2 4 5
Interestingly one ST69 CMY-2-producing isolate was also found to harbour mcr-1. 2 4 6 Susceptibility testing, performed by broth microdilution, revealed that the MIC of colistin 2 4 7 against this isolate is 8 mg/L and so it is colistin resistant. Attempts at transformation of E. 2 4 8 coli DH5 alpha using plasmid DNA extracted from this isolate were successful indicating that 2 4 9 1 mcr-1 is plasmid encoded. Analysis of the genetic environment of mcr-1 found that it is 2 5 0 encoded on an IncI2 plasmid of approximately 62 kb and it lacks the upstream ISApl1 2 5 1 element that was described in the initial discovery of mcr-1 in China. 34 The plasmid itself 2 5 2 does not encode any additional resistance genes and when subjected to NCBI BLAST 2 5 3 analysis exhibited ~96% similarity to mcr-1 encoding plasmids found in both China 2 5 4 (pHNGDF93; Genbank Accession Number MF978388) and Taiwan (p5CRE51-MCR-1; 2 5 5 Genbank Accession Number CP021176) from animal and human origins, respectively. Since 2 5 6 initial reports of its discovery in 2015, 34 mcr-1 has been reported worldwide in clinical E. coli 2 5 7 isolates although remains relatively rare. 2 5 8
Another isolate, a bla CTX-M-14 -positive ST38, also encoded the bla OXA-48-like carbapenemase 2 5 9 gene bla . 35 Transformation attempts using plasmid DNA from this isolate were 2 6 0 unsuccessful and so it was concluded that bla OXA-244 is likely to be chromosomally encoded.
6 1
Disc susceptibility testing showed that this isolate is resistant to ertapenem but susceptible 2 6 2 to both imipenem and meropenem. The presence of the chromosomally-encoded OXA-48-2 6 3 like carbapenemase bla OXA-244, confirms the observations of a previous study, where OXA-2 6 4 48-like genes were shown to have become embedded in the ST38 chromosome. 36 ST38 is 2 6 5 the most frequent ST associated with OXA-48-like enzymes in the UK. 36 2 6 6 Conclusions 2 6 7
Resistance to 3GCs and FQs in E. coli is of increasing concern due to the importance of 2 6 8 these classes of drugs for the treatment of serious infections. As observed in this study and 2 6 9 in line with previous reports globally, 2 the dissemination of successful clones is a major 2 7 0 cause of CTX-R in urinary isolates from primary care in South West England. The correlation between CIP-R and CTX-R highlighted here can be largely attributed to the 2 7 2 dominance of successful clones/clades, namely ST131 and ST1193; the majority of both 2 7 3 harbour chromosomal FQ-R mutations. Through WGS of a subset of isolates we have 2 7 4
shown that ST131 clade C2 is dominant and that the recently described ST131 subclade, 2 7 5 C1-M27, is also prevalent despite not previously being described in the UK.
7 6
This study is the first analysis of CTX-R urinary E. coli derived from the community, and 2 7 7 performed in a relatively localised area in South West England and can be useful for 2 7 8
informing patient treatment as well as providing essential data for comparison purposes to 2 7 9 other areas, both within and outwith the UK. Genome sequencing was provided by MicrobesNG (http://www.microbesng.uk), which is 2 8 3 supported by the BBSRC (grant number BB/L024209/1). We are grateful to Aleksandra 2 8 4
Pastuszek, Severn Infection Partnership, Southmead Hospital, for assistance in collecting 2 8 5 the urinary E. coli isolates. Tables S1 and S2 are available as supplementary data. 2 9 5 2 9 6 2 9 7 2 9 9 a  n  c  e  p  r  o  g  r  a  m  m  e  f  o  r  a  n  t  i  m  i  c  r  o  b  i  a  l  u  t  i  l  i  s  a  t  i  o  n  a  n  d  3  0  0  r  e  s  i  s  t  a  n  c  e  (  E  S  P  A  U  R  ) . T  u  r  t  o  n  J  F  ,  D  o  u  m  i  t  h  M  ,  H  o  p  k  i  n  s  K  L  e  t  a  l  .  C  l  o  n  a  l  e  x  p  a  n  s  i  o  n  o  f  E  s  c  h  e  r  i  c  h  i  a  c  o  l  i  S  T  3  8  c  a  r  r  y  i  n  g  a  3  9  8  c  h  r  o  m  o  s  o  m  a  l  l  y  i  n  t  e  g  r  a  t  e  d  O  X  A  -4  8  c  a  r  b  a  p  e  n  e  m  a  s  e  g  e  n  e  .  J  o  u  r  n  a  l  o  f  m  e  d  i  c  a  l  m  i  c  r  o  b  i  o  l  o  g  y  2  0  1  6  ;  6  5  :  3  9  9  5  3  8  -4  6  .  4  0  0   4  0  1 
